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LOVOIMNEO  FIMEOMAOMOO 539Gl 256 33935L:  3OOLAHIWMOO  BbTYHEHOL
B95306090L, LOPOIMWO MM393900L SOLBYOMIL S Tom, OMIMOF LOMOML FodESM0
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5Mbgdol MmM09bBHOE0L,  G9dBH™Mb03Mm0 DMbgdols godmzergbsl, GMmIwgdLsE Fgodergds
3939060090Mm©gl MgMIMIbMTse0gd0. 15330930 BHIOOGHMM0s 8EYOIMIMIL JMebgmols
©YOWMdDHY,  OMIgog  GH9JG™D03MM©  bsdgmmzgg  8msmITMEOL OHMRL
Do6m0mygbL, beerm dolbo sbsgngdo LaxgsMo s30gM3s335b00L 39 E0bwmwo JswgmGo
dobogoL (LogoMMZ39ML B EOL) Bgbogdos.

59 B9M0EMM059, 93MY300L MZILIBOOLOm, FINWMPOOO  256305(9d0L BHIYO
Do 290565, Losg 0b6EHIbLoMMO ©sdo®m3900 bobyMdwogo sH9g39d0Ls @S AdMY3Eb3OL
930g9000 033W9dMEs. YM3903g 5356 253mofz0s Mo LEGMWIGHWOOL BMEHToMdS,
IOl gom35eolfobgool  goMgdg dbgwro  0dbgds  FodMHOwdoL  M3EH0ToE GO
3960900l dgmP935, brmeom Lsdogdm Bsdmdsmgdo Tdgodegds Bogargds® 9x39dGHMGO
50dmPBIL. 50sb0dBs305, 3MgM39, GOYo BoDo3MOO IM3w9bgdo, MHMIgEms A5Mgdg
d9060m-b5d0gdm Ls3MTomgdoll FgmMEO3ZoL MIMMHOMEISE s 3ModBHogms© dgMbggzs
303699090 04690Mms.

50 dbG0g 960336900 m35605 BH9dBHMbozols @ 2gMmmMgMINo  BMbMGMdOL  Jsgdomo.
OMAMO 3 3905MMOG0, LOMBdMOHO 55350YIO Yoe0dYds Bgs F9BEH05T0. 59 356513690l
D93000  O0RIMIB30M90Mw0s.  LoMOdMMO  Bs3ogdol  AoBMIZ0L  Fmbsigdgdols
dobgzom sbgmo  LYOsmo  0339mgds, b Fm3mO™3z0b0bol  HBYI30MHOL OO
3933580mbol bomFs 65390Md9d0L s 5F3M-MM0gmOL bomFs bmbol 4398 sdo®30l
30609330 LoMdMMO 633500l LooYLl.8x107° 35¢/LEB-0) 0DOHDIdS, 85306 BMEd
B5do®mz9e @l dger@Bg — 0.8x107° 35¢0/L8%8-05 (Byaunzze T'., 1980). 5333565, D390
DmMbgddo ©bs¢gdo BogsMmo MBOM 350 STMNOIMO, 30O HMzBJdTo (Row0b390d0).
505L 5LBEMYOL 39MYHTMO JM0gHEJOOL bbgomds Mgl (Ro0mbzol) Bmbsdo s
8008090509 bomFs LolEgdgddo (30xLMIYEMOMEISE MBRO® dowsw bsmds LobEgdgddo ©s
9900565000 OO HMGBOL BMYWGdT0).

I12.3. 58 J39075300 bHsLOSMYOIMW0S 3MbgmOl B MBdOL (396EMIW YOO bsfowol
30OMAIMMYOMOH0 3060MDJO0, M3 15305ME MMM S IMHZ5WRGOMIZ560s. Ld33eg30
AIO0GMOH00L BoMReqddo 250m0ymaxs BsdgaMgewml, (396GHMIMEMmO 3membgmol, J39dm
Hombol s FYse@GHdml s®EgBoEo s79Hgd0, MHMIGO0E ILOZEYI0-BodsMIm39w Ml
005058995 HMxol LolGgdsdo dgosb (Byaunase 1., 1970; Byaunnze I'. 1980; JInxomaTHUKOB,
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1983; JlazapamBmtm, 1984; bs®s@odzowo, 2007). s0bodbmeo s79Hgdol BMowmgm
LOBOZIOL OO 39335L0MbBOL LETBOJMNO RIMEOMIO [omBMOEYIBL.  OLEggmom olobo
JLsBO3MGO0D  3MOMEOL, brmem  SPIMBIZEWINOD — 9MY39MOL  SOEHIDOIE  5MHYOU.
LsdbOYNO0 s BOTHEOYJM-50FMLIZgMOm FYIMJMOL MO0l OGHIBoMwo  s9bo
(byaunpze TI., 1980; JluxomataukoB B., 1980). s0fgHowo smHgd0L  aqmemyome
5390090530 3506MBMMMo s F9BMBMNOHo  bosewgdgdo  dmbsfogrgmdls  (bsb. 2). 53
dofioligzgds fywrgdol 339008 Go0mbgdo (Js69gdol Bgs3omwo sdmlisgergdo) oo
39335L0mb0ol LsdbMHgm BIMOMODY IEGOSMYMOL.

dofjold39ds Pgargdol gobEz0Mmm35 bgds GH9d@mbozmmo M©393900L olfgMog 6 Bgdmom
3960290 99ofigzo  3mEHO0BMBGHIdT0,  §YowasmdGHoco  Jobgdol  asdmlimengols
5Q30gdd0, 53Mgm3g LsdgaMgemli s9bol JgamaLsbEgmgo BEGH03WobxmGmo  LEGMwm]-
&H900L 358083090 0506 B0 gdmMsb 3938060 gd Mo igsHrmgdom.

3H900L bsengdo LogMol FMowrdo 4sdmoymazs dgmmbgmero, 3995 s Bgsdomagbmeo,
903I6YO-35gmEI6M0, BIRIEIOFNWO, 33¢-6gm3mINGO Boxrgdgdol figowrdydezgwwo
3m6H0BMbE 900 s 3MI3wgdugdo s BYs gm3gbol, 3503M30L, s5ed-lgbmdsbol, 30dgeMmox -
Gommbols igoeasmd@ocmo 3mmHobmbGHYd0 s 3MI3wgdugdo. OLYHEHE00L s©0bodbrye
Bsfoe8o mommgmeo (igoe8gd339wo 3:83¢gdbgdo EobalosmgdE0s YEHIWES.
I12.4 B6530®3ol 53 bsfowdo obsLosMGOIMWOs M50Mmbol  4gmmgMIMwo  30MHMOYdO.
@©5B93g LBOJoMM39EML Q9MMYMHTNO 30OMBJOO 3MWbgMOL EIdEMIOL BoMIYEgddo
©IAOMO® 9d300 Fgbfiogeroo 3. Fom®™Tsdgl (Iaopuragze, 1970), &. 9a5d9L (Orazze,
1973), o. dmobodgl (Byaumaze M., 1980), dsmo 0mbo3gdgdom Moombol 9390wgdsdo
dmbsfoemg  Ubgoolibgs  Jobobmgol  0dMYsBHsmMdOL  3m95303096GH0L  LsdMowm
95h39690gd0 d90ga09.(0b. 1 3bM0e0o)

OmamO3  3bMowol dobgzom BB, Y39wsBg Fo0owo MdMYPETFHIMMO00 A5dM0MBY3s
30693990, Y39wsHg ©dIWom — M0bgdo. BoJGHMOdM0350, MObJd0, FOH0WwIo MOMODM-
W5GHMOOL O SbEMeEgdL. Jglodsdols, Mg d9@0d MobM3zsbo bogrgdgdols Loddwsgey,
900 39305 39M9IME0 FM5096EHO0L Lsdswm 860dzbgwmds FMogndo.
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gbMogo 1
J96500l 0dmYsEsOMdOL 3MmgB0EOg6EO

kal
560k cosbsbyends derpddstmdob 3m0BegotPOo, K mwm °C 107
0. 8s68sdols dobgogom 0. d3v3580dols dobgzom
30693990 4,66 + 0,21 (4,38-4,71) + (0,28-0,54)
096990900 3,36 + 0,67 (2,93-3,63) + (0,49-0,82)
»obgdo 2,62+ 0,35 3,09 +0,27
Jg0dsd3qd0 3,25+ 0,29 3,81+0,79

50 LoEOOL F9930MYdS 500b0TBYdS OO 39335B0MbOL BJMHMBJOOL LosbEM3zgL, Loss
Bgmaqbol LoddwogMg 30Mgs. 33OEWWo bsgdadol sdoMm30L S J308056-mobmgzsbo
Boergdgdols LoddEsgMol Fo@gdolisl ygmmgM IO AM0gbEHOL 360336y Mds 0BM©IDdS.
30005650, B30 LadsMM39MbmM30L, MYOIMYMH509EEOL Lodmsem 3bodzbgermds
99500996 2,8°C/100 9 (ITaopurazaze, 1970).

Dgdmm  bsbligbgdoo  sdGHIBoMwo MBIl BoMEgddo  s©0bodbgds  bligbgdero
39m»9MH Mo §ggd900L LoddEreg®mgqadol 83390000 JgMYygmds oo 5daq0geo  Jsbgdol
2905M9g3b30L b Bs30glIMO  33E0EgdoL  bobxDg.  LsdogdMm  FodMOLOEGOOL
09MHIM35MMBg08  JoLoergdol  godmygbgdom o0 odbs Lo®dgdo &gddgMo@Mol

330 9gd0L 256DMYIOMW0o 3M59303900 (Bob. 3).
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-3500

—4—1-0OP bop®dy, L, 8 W3- %@opobow®dy, L, 8

—H—1-Dmpoobow®dy, L, 8 4-T bow®dy, L, 0

——5-T bow®dy, L, 8 == 3-Loxoxsmbomn®dyg, L, 8
4-%5Bs bow®dg, L, 8 5-x593353500 bow®dy, L, 8

6sb. 3. Lo®Aob s GYa3gMHoGYIMOL s8MI0IO¥IENYds LsdgaMgumls sOEIBoMWo smbols
FdORogddo
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39390 5OEGJBoMEo sMHBoLmZ0L gMHAMYM096EGHIdOL Lsdswm 3603369 mdgdo

dm@oboos 2 3bGowdo:
gbMoo 2
5037 BovEo srHgdol 9mogmdvero yMmawogb@gdols
Us3wg5¢mm 3608369¢mdgd0
3@ BomEo smbo 390009M0Memo
3®5¢00096¢0 °C/100 3
L599aMgEm 2.82
396G Ho 3nwbgmo 2.72
93990 Gombo 2.83
0goGH«dm 2.60

G9IO0GHMMo0oL Lo®dgdo 3H9d3geo@ MOl (330 gds SBsbM0s-2000 3-0l Bodbme by
9900296000 29mmgM3Mo O30l dobgzom, HMIgHY3 03390000 Fodmbodmwro
D9200©0 — (35000l  bmdscwos 80°C-Bg IgBHo (H9d3gcsGmom. dLysglo  dm3zgbs
5006036905 bogocnsggzols s J39embols 96E03e0b®mo bosmFgool BoMawgddo. 53539
©OML,  LsIYAOIml  ©Y3MHgbool  39bGH®o s  Lbgs  LoblwrobmE  gowmb3zgddo,
&993965@ M5 60°C-0g d30609ds.

III »sg3d0 @obborwamos  93¢)-bgm3zmdn®o  mghdmmwo  yowdgdiszgero  3mddergduol
39bsggdol  306HMdJB0 O 30EOMYJNWMPONOHO 0930190 dY00.  LsdYYMIL MU,
395GMIMOO  3mwbgmol, J3gdm  Mombol s Yo EGHPRML  sOEHJBoo  smbgdo
bsbosmgds MMy dobgMoeoBs300L s JodomMo  89a9boemdol,  saMgom3g
A993965@MH0L  3M935xz9MM3b9d0m. {ywol Fobgmsobs3os, LoMIgumsb gMms,
OmamO3 Hgbo, 0BMHYds. 30MO35M¥MbIEGMIo s LYIERBIGHOO Hywgdo Low®mdgdo
J MO0 033wgds (Sraase, 1973; s3swosbo, 2012).

3909035 )M0  30OMJodoYMo  BmbYOMdy 0603935 J390EXNEN  §gowdydszow
3003394bdo. BgOIFIOEFMW S 35gMgb-bgmaqbmMo bogrgdgdol dgsmgdom dobgers-
@oBgdYwo figergdol J398, 3609369wrm3s6 Loe®dgby (3-4 39), J39©EOEIL bowrgdgddo
obbbowos  3@3b6s60 s Lo  FobgMmowobgdmwo  fgmgdo.  33900L  s6gdo
390003 gdmo  33@-bgm3zmdol  306d3900 s  m™Io@gdo  0bEgblomGo
B335 GOME0 O I3IOVBEWI0d. STOL 9O, b MS0MbOo goermbgzo dEobscggdol o
B350 gdol bdoto Jugarom 03390090s.
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33990 5696 533)-b9m3mMM0 bs¢gdgdo 0doEMmYds LodbGMgMOLS s LadbGmgm-slisgargmo
90050079 gd00 NBOM B BO©S Boergdgdol J39d. 3mebgmol H™MROL (396EG oM
Bsfoerdo obobo 3000-4000 3 Lol 50H9396. 53539 0TGN Gd0m Fomo  BogOoM
boddegmg 1000 3-0g 0HBEOEYDdS.

33)-69m303m6M0 09MHINo fyargdol 999339 3m3gdudo godmymaoeos bsdo 3oGmdo-
doweo Bmbo.

3063900 9509560 F9glsdsdgds 53¢3)-bgm3mdNMo Jobgdol gsdmlisgswl 3mebgmol Gmaol
BO©Oowmgm d3mOGHDY ©s ol d0dEgdsMg LsdgAMIMLs ©S PYoEGHBdMb  sOEHgbowmw
H90do. o 296305093 os  dofjolid3zgds fywgdol 303Nl J9MLEHYE0O,
65365 Mm356-35OBEGH MO s Ba3MoEM356-00M9gdm030  bmbgdo.  3mI3wgdlol oo
LoddWs36Y, B3MIEM3560 BMbYdOL Fowowo Fyswdgmhozsmds, SEGHIMLGBIOHIEo bogng-
Jodol (1750 — 2000 89/f(.) > DBysdo®mwo gwgdol  30EMme3wo3emo 3538060
3965300090l 533)-bgm3mdMMo Josbgdols owser §YoedgdE39wmdsl s Fyseysd@otgd-
@MdSL.  50bodbmer  DBmbsdo  gog3M(39wgdMos  30OMIIMDdMBIEHME0, 39 30v)T-Toy-
Bowmdosbo Fgpagbocmdol 93H3bsMo fyargdo 1 9/w-dg dobgMooBsz00m. Tobsb
L3I0 S LHTHOYMN-EILIZEINO®  A93MEIXIOVIE0s  FgMmOg  30MMJ0T0YGO
Dmbs. 59 BMbsdo iyxrol LogHmm JobgmooBs300 0HBMPYds 2.9 9/w-3g (F0gszs, 2023); 9l
P9argdo L as@e-Jm®HoEMeo, 35¢30v18056-853b0mdosbo dgygbomdobss. 300093
MBOM  LYZWgmom,  dglsdg  3oMMmJodon)®  Bmbsdo,  fywol  Fggagbormds
J@mOH0M-bs@®0m30sbom 0(33egds, beagwm dobgmowoBsgos 45.8 o/ar-dg 0BM©Yds.
333-69m3m3MMm0 {ywol Bgws 3969030 4506 JdIOL oM, godergds M393MM3gLLSS
3Jmbgl vy0wo0, 9.0 Bgs 3mOHO0BMbE GO0 sOLYdIo Yoo J39wEIOEwMWl dgg@oml
@5 LMD 9O 2oIMYEOLML F5OMMVOE0ED. MHmyme s BbL, dlasglo 3MHMEaLYdO
8080bsMgmdL o35 FodModo (bmbo®ob#l, ool #2, mdmmlb Lsfdobol #3 o
MmO #4  F50MP0Egd0), OMIWGO0Bs3  MI0MBOLMZOL  9MoEsTobol0sMYdgo
2oBM©owo  obgMooboool  (6.7-8.7y/cw)  933%-bgm3zmdnmo  igoeros  Fowgdero.
09mIMo fywol Jobgemowobsgool BM©s, Bmam®E BBL, B0 FJobgmowobsiool

33GH6-69m 3086 Yoo 8o0sedobg®mocoBgdemo fgwol 996930l 39wgaow dmbs.
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Bggb TogmH 2021 Fogl  BYR0@O-35000L  LYdSMTo  BIGIMS  BIMOHMOOOZ0
3000MHM©0b658039M0 330093900 @S 23boLIBOZMS 93H-bgm3mImMo ™gMImwo Fywol
99933900 333¢9dLoL BoEEGHMF0WO 350539GM900.

50 05300 Im399M0s, 53609039 30MMAIMEMYROOHO 356589GMJO0L BAM0T0, Fbmem
35080b LsdsEMDBY IO Fo0IMH0WBOL (FodMHowo 1T (396¢MoMEM0) s 2T (Loom-
39WmO3w™m)  dmbszgdgdol  dobggzom. 0935, 1O39WY-LOEPIWO  BOWEHOH(30E0
33093900 B5@909005 J35crmbols s Foes0@OolL FodM©owgdHys.
Lo969M0TM-30OMAIMWMYPOMO0  35M599BHMYO0  2oboloBZMS  OMMOE  AMORM-
565¢0HBMH0o Igom©om, obg Imlobyxzol dgomm@oom.

3M553M-565¢00HB6 FgnMmEL oMM 094969096 30OMAIMEMPOME 33009390d0. ©9330-
39006 8mbs3gdgdol LyxMAdz9w By 5390w 0dbs MboL 3059BPMIgBHMT0 (335¢YdSMBOL
OMDBY IMI0JIM9doL 4Msz030 -S = Ig(t).

b5y LIERIW-FOWOMEOILO  33I3IooL  dggye@  dorgdywo  ofbs  8)9wgno
3000MHMPIMEMA0M0 356539BHMN00: EMDYRTBHIOMBOL 30913030963 0-a =557000 3%/ w.¢;
0900503 o6Mgdmds-T = 406,19%/0.0; figoeyo3900L 3m9x303096@0 - 14, =0,00073.
65MBI6 FgMH0EHMOH0sDY Abgoglo 3393900 56 BoESMgdMs, Boa®Med 0gMdmwo [yarol
35050 ©9003 GO0 FodMmIobscy, MbEs 3035M0EM®, MM oo F9a3E39w0 93¢-
69m30399M0 Bo¢rgdqdl 35620 BOEEMI30I-3M3YIMO0M0 MZ0L39d0 gosBbos.

Dm0 FodMOmowol  dmbszgdgdol  Jgbfagerol 8909y,  MMIwgddos  gobsbmdgdo
S09ONM0s OHMAMOE dmddgom oy dmddg dEyMIscmgmdsdo, 93900 0dbs domo
39M9MHIMo FHoWgdoL J9gscmgdol Bdqds. 53 bdgdabg BoBL, M) MMYMO 03390905 S3¢)-
Bgm3mamEmo 3083egduolb boagddo Mdmddgm s 3mddgEo FsOMMLVOMgdOL gmmgMHIMO
969100900. 599056 498mA0bsMY, T9odegds 3035M9MEM®, 53&-bgm3maol 35MdMbsEmMwo
303394bol Loggdo gdmbggzs §ysedgdEgguro 3mMoBmb@gdol J39s LsHL35ML, bmwm
09m3Mwo fywol x89bmmo  FHgd3gcMmsdMs BodBHMdM035 53 boagdol Ggddgcmodcol
AM0o. fyaob sGBYdMEo ©Jd0EHIOOL 3060HMd9ddo (1000 — 6500 3%/©E.) FosdgHoEgdol
306%g 3993965@1O5 Fbmeme 1-2°C-om bs3egd0s 3gbol (Hgd3gemodemsdy. 9Lodsdolo

3903M©3600wwo (Hgs306Bg sdmbwyro) Hywob @§9d39605@IMHoL owgbol 990mbggzsdo
390d9ds 8960l Lom®MogbBoEgom  39a39M5G ML  goblsdrg®s. vy  ,Bgo@Mowm®o
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1960Lm3z0L“ (25 3) BH9d3geo@«ms 20°C-b, bmem {ywol ggbme  FH9I3GMHOGIML 53¢)-
Bgm3mdmEmo 30093 gdLob Loggdol 39d3geo@ems do30hb93m, odmzmzeom dm39dw9o
Fo¥OOOoEOolL  FHool  LygMmm 29MmmMIMTME AMOIbGL (bMowo 2) BmyogHomo
Fo¥MH00olm3z0L B39 gdM030 O HBYdmm S©FHIM0E0 FGMNMEIO0M oFMMIELPOEO 0YM
09MIMQM5©0963Jd0.  FogdMEo F99IRJO0 905D  SBEMLsy  GPMTIBINMB, G
d0wmomadl  39MMIMINo  gM90g6EJOOL  obLoBO3MOL  dm3gdmwo  Fgomob
956790 Md5DY.

33@-69m3m3mGmo  3m33egduols  LabMMogby  BHY3gMGHMMOL  dobsfoergdols  Bdgds
d0wmomgdl dol 356MmBBMTogeH BOHPIBY 339001 9M9b J39o3IOEMIwo bogngdqdol
LobM930L EsdoM3Z0L F0TSMMYGOOm. 5T J5bMBDMT0gIMIOOL MM393d WO393d06MGd¥Y-
0d 96EGH03w0bMEmo 599398900l BMbILME (LsdbMgom LsdgMI ML Hg39ds), LosE 93¢%)-
69m3m3mE0 Jsbgd0 sbermzgds dmEgdve Bgs3oMb.

3odmoymxs  dmds@gdmo  gddgmo@dol Lsdo bmbs. 3oMzgwo 80-90°C-0sbo  Bmbos
39690 mos  LodgaMguml  s®GH)HBoMo  sbol  396GH®T0, Losg  93¢-bgmzmadols
Lob®sgo 2000-3000 3@ LoE®IgHg BEIOIMIMBL. Fgmeg bmbs,  100°C-Bg  dgBo
39939605 MMHom, 8gdMGMIL  (396GHGIWMMO  300EbgmOl 5 Hol Lodbgor-50dmbisgego
Bsfoendo. sd 0mg®mwo fgywol 99933900 3033¢gdbol bobmEoego dgdstgmadls 2000-3500 d
LoE®MIGHY. J390m  MoMmbol  sMEGHIBOME  SMBMID  s39300MGdM  Tglodg  Bmbsdo
090899390  Boergdgdols LobGmsgzo odocmgds 4000 3 LoE®MI)Og s, dglsdsdols,
A993965@ M5 0BOMgds 120-140°C-0¢0g.

III.1. 58 g3gmsgdo aobowmos  99xsgdol  300GJO0MIgd0  ©s  290MYMBO0s
3960L39dGHomwo  Mdbgdo.  B3zgbo  MwoMmbol  BoMymgddo  LBodogdm  LYFMTomgdol
3960L39JGHoMwo Mdbgdol Fgx35Lgdols s godmgmaols doBbom, sE30mgdgEos Joguo
030 36003H9M0MIgd0L Qobbowgs.

33-bgm3mamemo  bowrgdgdo 390339 Mdbgddo  0bGHgbloMmo  obgzomamgdmwo
39030350 O0 s 3MOODMBGHIMOO 55365 M369000 bobosm©gds, Mog 3md3wgdbols
y4z9gws  0bGHYMH35l  9MH0sb  30OHME0b5303M6O  LoLEGs©  9YsEP0dGAL.  0gMmIMEO
P9argdol dobgemooBogos s1939 O BsMRWGdTo JgMYgmdL. Ms0mbol mdgEgl bofogrdo,
LoOE 33939-d0gds Bo@9MIs, 53 Fobslosmgdeols Loog 1-3 g/ Fgogbl, dogaEsd
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395G MOHO 300yl S Yo EHNBML 59HGdIOL BMY0gOHo FodmMmowdo 6.7-8.7 o/e-
9y 0BMHYds. J399m GoMmbol sOHEHJBoME sMBTo 5©00bodbgds Fywols dsgdlodsrGo
9d0b9M5e0Bs3E0s, MMIgeog 12.3-45.8 3/w-0l BsMwgddo dgemygmdl.

0930 fgwwol 36033690 m356 35601599GOL oLo HgddgH @M FoMdmoygbl. GmymM;
0mg35, 399396053 JoMHOMIIQ ITMI0EIOMWOos godgd339wo Jobgdols asbews-
3990L Lo®Ig Y.

3JNMIOHINWO FMo0gHbEHIOOL Lodswm BLoOEYJIOOLS S 93¢3)-Bgm3zmINMo bowrgdgdol
Lo gd0L  A9bEoggdol LowMdol dobggzom, Moombol bbgzsslbgzs  GHgMo@mMoobmzol
3odmomgwowo 0gbs dofold3gds fywrgdol @H9gddgho@nms mgmdmwo fywol d99339wo
333gdbol Logqddo. 9999y 2obDPMAsIdMWOo s Fobvdmsemgdwo  dmbsigdgdols
dobg3000 BMmoghHmo MObobmzol  sogm 933)-Bgm3zmdNMo mgmdmwo {gswdgdazgwo
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ngf T TNa+K TK+Mg TNa+K+Ca TNa+K+Ca TNa+K+Ca TNa+K+Ca Tl T2 T3 T4 T5
1 1) (2) (2)
B=413| p=1/3| p=4/3| p=1/3
D1 92.7 236.0 117.1 -9.493 492.1 315.5 198.9 103.3 103.8 52.9 74.7 104.3
D2 72.0 198.6 82.1 1.5272 348.2 150.1 166.2 17.0 27.0 -29.3 | -10.3 10.9
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09mdmwo  dofjobd3zgds  fywgdo 253030  FoOMOEogddo  FMmdMIMdIOL O
36H0DMbE 900 s®LYOIE dofolid398s Fywrgdmsb dgMgzom.

3360
- 3bgomol odEmdo mgmdmeo dofoldzgds iywgdol HsmTsBsGo dmbgdGogz0

M9H9M30996M05.  Lbgoolbgs  yoendgdzzgrr  3mO0bmbEHdo,  asblozmm®mgdom
9390053503 boengdqgddo,  FodMMEogdom  doblboos  mgmdmwo  fgargdols
LodoMYd0, MMIGEMS  3HYd39MsGMEs 60-sb 110°C -8y s©fggl. o3 Lomas®o
0693030  9MEJBoo 9ol MgMINE  §Yswdgd339w  3mOHO0BMbEHGdTO
5393M0M9dMo MdYOHO 969MHF00L SM30L9ds O 93MbMTo3MO gB9JAL dolEgdL
93994963l 565 FomGHM 9bgMgBH03Mo 3OHMdEIGO0l IMy35M9d0L Loddgdo, 56539
159329MbsEM-35bgmEmaomMo ©s  3030M3ma3MbgbGHYooL  sdmfizcrogol
dobbomog;

- 30GgBoMEo 99Bob BoMygddo (Yo d9dE39wo 3mOmOBMBEHId0 39OGS
LodM9H39w™ fywgdol 899339 mdOl M3selsDOOLOMSE (0MEO, dMMI0, omowdo,
dm®0 S 1b3.), ®3dgbss3 90b0dbo Yy gdo 25dOOMYIY0s 0lGMO 0FZ305M0
9036m3m33MmbgbEgdom, MMIgwms  Im3Mm3gds  d0BsbIghimboros  LsdMgfizgwom
0350 L5BOHOLO;

- 09030 {ywwgool 1000-6500 8%/@E.058 ©Jd0EJIOOLIL  FoOMOMPVOWOL eSO
LoMOML 653500 1-2 °C-05. s30FHM™I M) 36Mmdowos fiyeols Ggddgemsd My Fo-
dMOool 30609,  LomM0gbGszom©  JlodErgdgmos  fgmolb  Egd3gcmad Mol
25bLsBP3MS B9bdo;

- 09030 fgmob  LsdOMgH39wm  BmEobgds  FowgdMos  g3zgms  Jgbolifogwro
3MGJPoMwo sMHol Focygddo. BsdgyMgwml sO®EgBorE s9Bdo Qsdmzwgboos
@5 9Jb3MSESE305d0s MgRbOL, LydgMHOML, ByEO0O-3s50dol, bemdol, dgbxobols s

26



Bodoamsdgzol  09®mwo  fywol  LsdsMYdo.  (396GHOIXMEO-3mbgmols B
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Abstract

Study of the hydrochemical characteristics of the thermal waters of the central part of the

artesian basin of Kolkheti in order to evaluate the thermal energy potential

The Kolkheti Plain is one of the most populated and important regions of Georgia, the favorable
geographical conditions of which lead to the existence of the richest and most diverse natural
resources. Today, the scientific study of the natural resources of the Kolkheti plain and the
utilization of these resources is one of the important tasks of our country's economy.

Mesozoic sediments are mainly involved in the construction of Kolkheti artesian basin, the
surface of which is flattened towards the Black Sea, so that the depth of its placement in the
coastal zone under the sedimentary cover reaches 8-9 km. The sedimentary complexes
developed in the cover of the artesian basin are represented by the alternation of well-
permeable and impermeable sediments, which leads to the presence of a number of sharply
expressed artesian horizons. The complex structural-geological structure of the sedimentary
cover of the basin, within which individual tectonic elements change dramatically in geological
time, leads to the formation of two hydrogeological floors, which are characterized by different
features of drainage and water circulation.

The water-bearing horizons of the district are discussed in the thesis. Three horizons are mainly
spread in Kolkheti artesian basin: Neogene-Quaternary, Paleogene-Upper Cretaceous and
Lower Cretaceous (Neocom). In these horizons there are stratified and karst type waters.
Shallow, infiltrating waters predominate among them, and in deeply sunken, closed structures,
mainly waters of increased mineralization are common. In the artesian basin, the vertical
zonation of groundwater gas, chemical composition and temperature is clearly expressed. Cold,
fresh waters with gases of atmospheric origin are developed in shallow circulation horizons. As
the depth of aquifers increases, the overall mineralization and temperature increase.

The area and scale of effective use of geothermal energy in one or another region depends on its
energy potential, explored reserves and debit, as well as chemical composition, mineralization,
well temperature regimes, as well as the specifics of the region's energy and national economy.
Considering the above-mentioned factors at the initial stage of the rational use of geothermal
water allows the feasibility of the geothermal heat and cold supply system to be identified. In
addition, specific systems for the use of geothermal energy with heat and cold supply for
industrial, agricultural, communal and other facilities should be developed based on the
specifics of the users of this energy.

On the basis of new data of deep drilling and geophysical studies conducted in the region, the
peculiarities of the hydrogeophysical zonation of the artesian basin of Kolkheti have been
studied and determined; The hydrogeophysical zonation of the earth's hydrosphere is described,
which is markedly different in different regions depending on the deep geological structure and
geophysical conditions.

There is diverse and exhaustive information on the issue of the genesis of thermal waters.
Therefore, innovation should only concern the use of these waters. Namely, there will be a
prospect of rational use of the earth's thermal energy (in the form of underground thermal
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waters) in such important branches of the country's economy as: heating, agriculture, medical
services, extraction of valuable components from thermal waters, etc.

The possibility of using microcomponents is considered as search geochemical criteria. It is
generally believed that underground water, in which the concentration of this or that element
is greater than Clark, is a potential deposit of this element. Taking into account the growing
demand for rare chemical elements and technical progress, we should assume that the
exploitation of industrial water deposits in Georgia with their further processing is not a matter
of the distant future.

Among the most important issues to be characterized is the temperature of the aquifer in any
geothermal system and the circulation processes of thermal groundwater. Geothermometers
based on water chemistry have been used to estimate groundwater temperatures in various
watersheds and complexes. However, the average temperature measured by hydrochemical
geothermometers is often variable, and it becomes difficult to determine the corresponding
thermal deep circulation water temperature because the temperature and pressure change as the
thermal water moves upward. Different geothermometers are suitable for different temperature
ranges. Some hydrochemical geothermal thermometers are suitable for high temperature
geothermal systems, while others are suitable for medium and low temperature geothermal
systems.

It is new to use the chemical characteristics of water to investigate the formation of the
hydrothermal system of Georgia and to determine the water temperature. Thermal deep-
circulation water mainly escapes through fissures in granite and carbonate rocks. The
temperature of the reservoir is estimated by the values obtained by geothermometers - from
136.5 to 198.9 °C and on average up to 157.2 °C. Considering the local thermal gradient, the
geothermal reservoir of the study area appears to be about 2.3 km deep, which is in good
agreement with the proposed aquifer formations. Thermal groundwater rising from a deep
geothermal reservoir is cooled by mixing with shallow groundwater. Prospective areas of high
temperature and flow thermal water have been identified by means of geothermometers.
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